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By Paul E. Piirserand Thomas E. !l!urfier

SUMMARY

AeroQnaaio charaoterigticg of a rectangular HACA
23012 airfoil with gin~le and double perforated split flaps
have %een determined In the EACA 7- by 10-foot wind tunnel.
A lar&e range of flap spatisand defiectlon~ and a.large
rango of spanwise and chordwise locations of the flaps
Gere inyestigateti. ~W’namic-pressure BurYoys were made be-
hind the wing at the approxi~te locction of the tail, in
order to doterminc tho extent ,Zndlocation of tho wako for
~ach flap arrantioKent. Tests wero also made with a full-
spnm plain flap to dctermino the cffoct of tho variou~
split-flap arran~cm~nts on ailoroz control,

!Chercaultfiindicated that oingle or double perforated “
split flaps rna~bc used to o“otzifi~atiofactory dive con-
trol without unduo buffctin~ effects, and that ;:hilolat-
eral control may b~ obtained with a plain aileron.behi~d
singl~ oplit flaps, the atleron i~ effecti?cly blanketed .
a~d ronderod usoios~ bchlcd douhlq split fl~ps. Additional
te8ts are recommended to d.evoIo~ a ~atiafactor? late~~l-
control device for use with the perforated dou~le-oplit
flaps .

INTRODUCTION

The IJACAhas undertake~ an extensive investigation
for the purpose of developing devices suitable for limit-
iEg the diving speeds of airplaaen. A~ a part of this in-
vestigation, a stu~v has been nade-of test results obtained
d.urin~the development of &eTicee desl~ned primarily for
other purposes, nuch as hi-h lift or lateral control, but
which mzw aloo be used for dive control. The slot-lip ai-
leron combined with a full-span slotted flap is on. of

.
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these dual-purpose devices and data for its use have-been
presented In referonoci 1. A stti~ has also been made of a
large amount of uncorrolzitd data on varioua airfoil-flap
combinations from tests pre%iousl~ made for the Bureau of
Aeronautics. This stu&~ indioated that perforated double
split flaps would give the desired characteriutiae for use
&s dive-control devices, The present investigation was
made to dotermlno in more detail tho aero&vnado character-
istics of Tarious arrangements of singl~ and doublo split
flaps on a rectangular ITACA23012 alr:oll, and to dotor-
mine the wcko characteristics of theso devices in order

.that designers nay more clbselp evaluate their offocts on
tho performance of complete airplanes.

..

APPARATUS AIIDTESTS.

The airfoil nodel uecd (fig. 1) was of laminated ~a-
hogan~ built to the NAOA 23012 profile. Tbo nodel was .
rectan~ular in plan form with a= aspect ratio of 6.
(lo-in. chord and 60-in~ Spat) . Tho perforated s~lit flaps
were made of s~eet steel atidhad & chord of 2 i~chos (20
percent of the nlrfoil chord). The perforctioas iz the
flaps were s~naotrically spaced circular holo~ (seo flcp
detail , fi~. 1) and reno?cd 33.1 per.cemt of the-original
flap area. IE order to facilitate partial epqn-flap tasts,
eco~ flap way nzde in ton equal segaents., each so~nont.hav-
Inb a span of 20 percent of tha ~inG sonispan. Wlo sag- .
ments os each sonlspan wore znz~borod from 1 to 5.progros-
sivoly frop tho piano of s~n~otrp outboard to the ri~g tip.
Split-flap dcfloctiono wore nocsurod with respect to.tho
r.irfoil surfs.coat the fla,phiagc poi~t, cad oxccpt.rhoro
oth.or~lse spocificd the gap.hctwoon tho nlrfoil mad flap
WOS soalod with nodolizg chyo The 20-~crcont chord plain
flap ras ‘builtof laminated IEakAogr.E~ and the Gap bot~;oon
tho airfoil and flap WaS scaled vith CC11U1OSO tape. Plnin-
flap doflootion~ were.nontyurodritL res~cct to tho r.irfoil
.chor,dli~o. .

Ulcd !lhunei.cmdEquipnent
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that d~anlo pressure could be recorded at l-inch inter-
val-o along a vertical line 27 Iricheslong yhioh ?as locatod
30 inches (3,0c) behind the quarter-chord point of “the air-
foil an~ 5 inches (0.5c) to the right of the plane of sym-
metr~. This position was believed to be representative of
the locatio~. of tla& hinge line and midpoint OS the semi-
span of the horizontal tail surfaoes of airplanes on which
dive-control devices would be used. The ratio of the tly-
namlc prossuros in the wake to the @nanic pressures at the
same points with the modol romove~ (support strut In place)
were dotormined from readings of an.inclined-tube alcohol .
manomotor.

l’i~ure 2 is a throo-quarter rear view of the model
mountod in tho wind tuunol,

Tests

Tea{ conditionq.-’ Yhe dynamic pressure maintained for
all tests was 16.37 younds per square foot, which corre-
~ponds to a velocj.t,yOf about 80 miles per hour under
sta=dard goa-level condition and to an average te~t
Re~~ol&s num~~r of 60~,000 ‘~a~edon the chord of the model
(10 in.).

~.o~tmroceauro.+ !l!hotostq consisted of the doterrn~na-
tion cf tho lift~~rag, and pitching-momont coefi’iclents
and of the wako characteristics for various doflcctions
and locations of thg flaps. DOU?I1O split fiaps were 10-
cated 60 and 80 percent of the chord from the airfoil lead-
ing edge, and sinGle split flips (lower-surface) wertzilo-
cated 10, 20, 30, 40, 60, and 80 pbrcent of the chord from
the airfoil leadinG edGe. In addition, eeveral tests woro
made with the full-span 20-Percent-chord plain flap de-
flected *20° to dotermino the effects of the various nplit-
flap arrangements on nileron control. The forces end mo-
monts wore doterminod nt intorvnls of 20 throughout the

“. angle-of-attack range from below zero lift to abovo.maxi-
mum.li:t. Tho wako surveys wcro nade at intervals of 4C
throu~hout the samo range.

RISULTS AND DISCUSSION ..

In the presentation of results, the following s~ubols
aro usad: c

-.

. .
..:.

— —- — .— .-.— —



4

c
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pitching-moment coofticicnt about the
qucrtor-chord point of the airfoil

whore

and

a

aa

8f
u

6f
L

chord, ‘m
~.

dynamic groseuro ratio ..

lift

drag

pitching momoat

&ynanic presouro at point in w~ko, *pva

avorago dynamic prossu~o for air stroan,

i p Vo”

airfoil chord

flap chord

airfoil nrez

airfoil span

flap spcn “

.

angle 05 attack - .

plain-flap dofloction

upper-surface split-flap deflection

lowar-suriace split-flap deflection

the subscript Lo rofors to the characteristics at zero
lift,
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Sinoo the suppoqt;strut interferenod arid”tareswere
,.. .relativel,v.small, these correctionalwere applied OnXY *0

the plain-airfoil tits; The standard-jet-boundary o.o.vQc-

tions which were applied to all thd force~tetat data, are:
n

where G is the Jet croeo-eectional area. A value of
8 = 0.112 for the closed-throat”wind tunnel was used In
correcting the reeults. It should be noted ihat, owing to

“ the various span-load distributions of the airfoil with
thh various split-flap arrandemszts, theso cobr~ctlons are

not strictly applicable to all of the data. No correction
for tunzel effect has been applied to the wake locatio~.
This correction Ig small %eca~se of the relatively small
model used,

Double Split ~lnpS “

Tho aoro&Fc~.mic and wake characteristlos of a recta=-
~ular NACA 23012 airfoil with do-ableepllt flaps locatod
0.80c fro= tho airfoil leadtnb od~e .sropresented iz fiL-
uros 3a to 7b. The aerodymaic characteristics aro pro-
ae~tod ao curves plottad ad:,i:ct lift cocfficle~t; ezd the
ws.kc chnractoristics nro shorn as curves of d~camic proH-
surc ratio, dqo. plottod a~nicst dist~=co nbo~o cmd be-
low tho extocdod chord lino of the airfoil.

Tho results prose=tod In figures 4a a=d 4b show the
offoct of the airfoil trailing odeo aad of the flap porfo- “
ratlozs on full-sp~a and partiml-opan double split flaps.
Ronovi~& the airfoil trailinq c~60 fron hhicd tho fllll-
spam perforated flaps had practicall~ =0 effect on tho
walco or on the aorodynanic characteristics at zero lift
but did appreciably incroaso.the availa%lo maxinun-lift
coofficiont. Covering the perforations in both full-spa~ .
and partial-sya~ flaps increased tho drag coofficiont but
caused na unsteady condition. of the node.1which was indi-
aatod b~ the anplitu~e.of the sca”lodofloctioEEi,azd which
was not e~counterod with tho perforntod flaps. Perfora-
tions which ronovo an area of about 30 porcoat of the orl&-
inal arm of full-span double split flaps reduoa tho iacre-

nent of drag coeffi.ciont nt zero lift b~ about 15 percent.
These data agree with the pre?lous data nontioned ia the
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I~tro&uotion. Both eats of data indicate also that the ic-
orenent of drag coofficiont cnused b~ unperforated full-
span doublo split flaps at zero lift IMW be roasomblr pre-.
dictod bp the fornula:

ACD

whore H, in percozt
frontal hei~ht of the

. .

= 0.0031 Hxoas

wing chord, is the total projected
airfoil and fiap8.

Various partial-span arrangements of the double split
flaps (fi6s. 5a through 7b) were tested in an attempt to
increase the-total drag by utilizing induced drag, to iE-
crease the maximum-lift coefficient available for the puil-
Out , and to lower the wake in order to keep the horizontal
tail. su@ace out of the disturbed air flow. The drag and
maximum-lift coefficients were not appreciable affected
but the wake characteristics wore definitely improved.
,,

.Since the aerodynamic characteristics at and near
zero lift were considered of particular interest to the de-
sibuor, the results from fi~ures Sa and 7a wore replotted
a=ainst flap span in figure 8a. The partial-span conter-
sectlon flaps have hibhor drag ..and.iiidharmaximum-lift co-.
efflcients than the tip-section flaps at the samo anGlc of
att,aclcand pitching-momont coefficient. The Increnent of
.-dra~coofficiont was approximately proportional to the
flap spa~. The center-section flaps naturally producod a
larger,wcico In the region of the tall surf’acesthan did
tha tip-section flaps. This effect can be soon in fiauro
8b, which is Q sorios of onvelopos, fron the mngle of attack
for zero lift to near the angle of attack for maximum lift,
of tho wake curves of figures lb, lo, ~b, ,a~d7b.

“.Thenoro~wnanic and wnko characteristics of tho roc-
tangula.rUAOA 23o12 airfoil with full-span nnd particl-
spen perforated doublo split flaps located.O.~Oc t’ronthe
airfoil loadin~ ed~o are pro~entod in fi~mres 9a and 9b.
T40s0 results shor that noving the flaps forward incroaoed
tho drag coefficient, due to tho increased frontal proJoc!- .
tiom, but that the a~ailable maximum-lift coefficient was
cod~idor~~l~ reduced. Because of tho lar~e reduction in
maxinun lift with tho novonent of the flap forrard, no
further tests wore made with a= upper.surfaco flap forward
of the 0.80c location.

.

-.
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Single Split Flaps
. . . . . . .

The “aero&ianiio and mkke”ctimet?rlstios of &-.rec,$m-
gular XUOA 2301? airfoil with”lower-surface” perforated

In split flaps located at O.1OC, 0.200, and 0“.30cfrcg”the

3 airfoil leading edge are presented ia fi@res 10a to 13b.

i
Zhe use of these flaps produced a large ohange in the aa-
&le of attack for hero lift.

..

An attenpt was naile to deerkase thq change In angle
of attack for zero llft by introducing a gap between the
airfoil surfaba and the flap” (fig. 14m). The presence of
t>e gap decreased thq anglo.o$’.cttnc.lzchange and had zo
appreci~ble effect on the other aorodynnd.c characteris-
tics. Oco test (fig.”14u) ~?ithtwo-thirde of tho p~rforr.-
tiocs covorod, produced the sane rcaults proTlously noted
ia the hieoussion of the ?LOU%10s~lit flaps: ac increaso
in tho dreg cosfficiont, but ~~ison dofi=itely wstond~
condition of tho ~odel.

.
..

Another attegpt WaB rIa&o to i=prove the ckaractcris-
tics of Iho airfoil rith t~e flcy located nt 0.40c rith a
Q.lOc-gap %T dofloctin~ tho trailin6-edGo plain and uppor-
eurflacoperforated split flaps (figs. 17a and 17b). Klo
use-of oit!lorof those trailing.edGo flap,s chenged the an-
glo.of qtt6ackfor zero lift fron a largo ae6ctlvo valuo to
a snail positivo VClue and increased tho drag cooificiont
sli~htl~. Tho trailing-odgo flap, honover, docroascd tho
naxiaun-lift coofficiont , incrmsod tho positive pitchi2g-
nonont coofficiont, acd raised the.wako so tlat $t was
nearer tho lccation of tho tail surfaces. The adTnztaGes
of tao s-~stencoud pr~bnbl~ be roalizod without oncou=-
teriag tho disr.dvaatagos tijruni~g parti,al-spcp tip-soctioa
Upper-surfaco ~-orforatod split fl~ps, or by up-ri6&iag a

, plaiz: plug-t~pe”, slot-lip, or upper-surface .ail~ron. .

Tho results of tcste of vcrious particl=span. arrarigo- .
=o=ts. of the lowor:surfmc~ porforatod split flnp locatod
at 0.40c ~it’ha OOIOC gap r.ropreso~tod in Siguros 18a
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through 20b. Since tho ckractcristice at and mar zero
lift were considorod of.mpartimlnr interest to the do-
si~ner. tho results fron flguies 19s and 20zTtworo roplot-
tod agai=st flmp span in figuro 21a, and tho wnko-curvo
on~elopoa are preseated in fi~ure 21b. The slagle “split
ilap was f3inilar to the ~ouble split flaps, iz that the
.Izcroneat of drag coo?flcierit &uo to t&e fla~s ras approx-
icntol~ proportional to fiapspan and in that the tip-
soctioz flap &avo nuch sna,llorwakoa in the rodton of tho
tasl. Unliko the doublo split “flaps, tho tip-sectio~
siaglo alit flap gavo slightly better aerod;=-nnic charac-
teristics than did the tester-noctio~ flaps.

Tho romzl.”tsin figures 10m thro~h 21ELl~dicated that
tho fprnulc devclopod for the pro(ticti.o~of drsg cocffi-
cicats “due.to the doublo split flmp? uas not diroctl~ ap-
plicnblo to tho sin~lo split flaps.

The relationship-bet:ee~ drab coefficleat, riag load-
ing: a~d i~dicatod velocit$ for a= airplaEe in a Tertlcal
dive is.shorn in fibure 22. Yor other diving a~glss, the
velocity Given on the chart should bo nultip”lied by the
square root o? the site of the &i7inL anGle, referred to
the horizontal. Fron this chart and tho data in fiGures
3a t?lro@’121a, It aa~ bo s!Io17ath~t tho use of full-span
perforated doublo split flaps rould prolxabl:~liait to 200
nilus per hour the iadicated diving speed of cn airplane
-with a rin~ loading of 35 pounds pcr square foot, and lln-
it to 2500milos per hour the diviag spocd of an &irplano
with a win~ loadinb of 55 pounds per square soot. Corre-
spondln~ values obtained with t,house of perforated sinLle

.. spl”i.t‘flaps are : 200 nilos por hour for a wing loading of
~0 pounds per squaro foot, arid250 ailes por hour for + ~
wi~L loadi”n~of 45 pounds por squ~ro foot.

.Ailcron Control “

‘Teets waro ~~o-to dotcrnico the c.?foctof tho por-
fo”ratqd doublo spl:itflops on t~o lateral co~trol amilnblo
from a plo,i”aailero+ b~ defloctin~ a.full-span plal~ fltip
behind tho doublo split flapo. q~o results of tkoso tests
when”“co?aparodwith tho reeults”of tests of tho Plain flap
on tho plai~ zirfoil indlca.ted that tho &ouble split flaps

““w“ould of?octlv&&F blackot a plain ailtiro%r.ndrondor lt
. . ,
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USO1OSO for obtaining lateral cont”rola (Soo figs. 23, 24,
.aEa ,25.) Onq .lEteresting possibility for ohta~=ing lat-
eral ‘eo+trol for a ~in~ eqtiiped’with’-dou-ble~split.flaps
~s suggested b~ the re6ults 1fig. 3a) of *eats =de with ..
differential deflections of the two flaps. “ If the out-
boar~ portions of the iioubles~lit flaps were nounted on
the regular aileroas, the regular aileron systOn would
provido lateral control. ~~o.lower-surfaco” t’lapcould be
deflected to Q hlghor angle taan tha upper-surfaco flap
in order to obtain an upfloating tbadbce~ 17hlch,when used
with m difforontial.aileron litiagp, muld teed to roduco
tho high ailoro~-oporatl?g forces that night otiherwlso%s.
oncountorod.

..

..

The results prosentod ih”fi&uros 23, 26a, nnd 27 iE-
dlcate that n porfor:+,tedlolvar-surfaco flap rlth a O.1OC
gap botwoon th~ r.irfoil surface L-L12dthe flrwp has little
or co detri~orital cffoct O= the lntoro,lco~trol to ho ob-
taino~ fron a ~)1~.innilorou.

COIJCLUDIIJGRE”XAmS
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Figure 2.- Three-quarter rear view of the 10- by 60- inch rectang@ar NACA23012 airfoilwith a

0.20c, 80- percent- span tip- secticn perforated split flap located 0.40c from the
wing Ie@&ing edge mounted in the NACA‘?- hy 10- foot wind tunnel. Gap between wing surface and

f~a~, 0.102; &fL# 9CN ●
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Figure 7b.- Effect of 0.20c partial-span tip-Section perforated double Split flaps located O.EIOc

from the airfoil leading edge on the wake characteristics of a 10-by 60-inch ret- .
tangular NACA 23012 airfoil. 6fu,600,6fL,600.

K
; flop span,

/40

w ~~en~foil spun
2 :_— g f20-----20
4 ——#j ---—/00

: 100
t-jo ~p-section flops

A Cmter-mfkn ..

Ht+tddT 80?3

,
I I I I I*

Figure 8b.- Effect of flap
span on the

envelopes of the wake
curves below the stall of
a 10-by 60-inch rectangu-
lar NACA 23012 airfoil

with 0.20c perforated
double split flaps locatod
0.80c from the airfoil

nImll-mm -,.,, ,,,,,.,,,.,,.——--



Angle of oitack of
zero lift dL, , deg

Pitchinq-momenf coefficient
Maximum lift coefficient CL.OX at zero lift, Cm~c /.O

> > .1

‘Pmi



XAOA rig. ‘a

-&-—-——

./.

$$
eu

.48

.44

-. I -

\,
.40

L .A < .-
---n \

- .36

Toio/ f/OP SpOO, F b, 4

flop segments bf, percent b —T

A /, 2,3,4,5 /00
.n \\

v x % -r “’-Flop segment numbe,-s
.32

0 2,4 40
A 4,5 40 \)

o P[oin wing ] \

20 &. - ~ — .Za ~q
*.
$
..

d ~
u..

I 6
c~

.24$

k ‘

o

A
u

J ‘

~
&

I 2 Zo

2
-0

./

;- 8. A .16

$
k
o

./z

$
Y

o
{

d
.08

- 4 / ‘
/ ‘ .04

/ r-’

\ . .
/ -’

— ). -_--J -’

- 8’” ‘
-.2 0 .Z .4 .6 .8 10 /.4

o
/.z

Liff coefficient, CL
Tigure 9a. - Sff ●d of 0.600 full-opmn and pnrt.ial-e~ porf orated double Split flaps located O.60c fKm

the d?fOil loodiog edge on the aerodynuio aharaoterietic~ of a 10-by 60-inoh rectongulu
IACA 23012 ti?fO1l. 6* 600;6f~,600.

u’



\
.

10b
160

/40

/20

/00

80$
~

60~
L

40”;

v

20$

0

-20

-40

-60

0 .2.4.6.8 /.0 0 .2.4.6 .8 1.0 0 .2.4.6.8 1.0 0 .2 .4.6.8 1.0 0 .2.4.6 .8 1.0
q/qo

F,igure9b.- Effect of 0.20c full-span and partial-span perforated dcuble split flaps located 0.60c from
the airfoil leading edge on the wake characteristics of a 10-by 60-inch rectangular NACA
23012 airfoil. 6fu,600;6f1,600.

.

0.2.4.6.8/.0. O .2 .4 .6.8 1.0

80

60

40

-m

-/00

9/$’0
Figure 10b.- Effeet of a 0.20c full-span pa-forated single split flap located O.10c from

the ●irfoil leadirg edga on tho wake character sties of a 10-by 50-inch rec-
tqlar NACA 23012 airfoil.

Imll Imm II II I I Illlm Illlmlml -11 u Imll ■■



noA

1,-p$ji==~- .
c

.1 :

0 + -a Z=9t a — & — + ~ e =&P -=$ - v
>

p

-.1
6fL,deq

0
A 3:
❑ 60

16 <\

4 )=
~ A

1 P“

12

Y {

\

/

8
\

/“ “9

-R
/

4
\

/
/

—

-1-, d

x

0 Y
\

/
/

c % .
0

?.
/ . / 5

-4 $ d. .

/
A--

/

-&.-. A 4---

i

-8 A
d

>

/
/

/ ‘
/

-/2
s=

A “

< .
~

r -
2 ---

16 ““
-.2 0 .2 .4 .6 .8 /.0 Lz /.4

L iff coefficient, CL
loa:-W-* of 8 O.* .:til-epeaperforated single split flap located 0.100 from the airfoil

i- edga cm the aorodymic clmrmterietica of a 1O.-LV60-inoh rectangular YAOA M012 ●

rig .

.28

.24

08

04

0

lead+
Al’foil,.



,
I

L

I’_-—+



NACA

.,

0 .2 .4.6 .8 LO 0 .2.4 .6.8 f.O

w

-80

-/00

-/20

9/90
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Figure 25. - Effect of a0.20cfull-span trailing-edge plainfkp on the
aerodynamic characteristics of a. 10- by 60-inch rectangular
NACA 23)12 airfoil with O:20c full-span perforated double split
flaps lo:ated 0.60c from the airfoil leading edge. 6fU, 60°;
~fL9 60 “
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